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INTRODUCTION: The enstatite meteorites temperature of oldhamite and the implausibility of
are a complex clan of chondrites, achondrites andproducing a pure oldhamite melt on an E meteorite
other melt rocks that comprise the most reduced ma-parent body, it is more likely that the veins resulted
terials in the solar system. The E chondrites includefrom terrestrial alteration. Nonetheless, the composi-
at least two groups (EH and EL) with unequilibrated tional similarity between oldhamite alteréd situ (in
and equilibrated types and an anomalous E3 (LEWsulfide assemblages in En) and the veins suggests that
87232) which probably represents a third group [1]. this question needs further exploration. Unlike AUB,
The aubrites (AUBgre the major E achondrite group Shallowater and Happy Canyon, Q94 does not contain
[2]. There are three other apparently unrelated meltforsterite and no diopside was found. llafegh 009 is the
rocks, including Shallowater, which has a complex only other E melt rock without olivine or diopside.
multi-stage history and may represent its own parentMineral Compositions The En is fairly homogeneous
body [3], and llafegh 009 and Happy Canyon, pro- and pure with most grains having 20.2 wt.% FeO and
posed to be impact melt rocks from E chondrite par-0.2 CaO (Table 1). Some En grains have up to 0.5
ent bodies [4-6]. Happy Canyon was also interpretedFeQ; however, Fe values are susceptible to contami-
to be an internally derived melt [7]. Here, we present nation from limonite staining which occurs throughout
a petrologic study of QUE 94204 (Q94), a new E the rock. En in the AUB and other relt rocks have
meteorite, tentatively described as an E7 [8]. Our30.4 CaO [2-6]. The average interstitial Plag composi-
purpose is to understand the petrogenesis of Q94 irtion is An,, Or,, and it appears to be more calcic and
relation to other E meteorites and their parent bodies|ess potassic than the average Plag within the En
and explore the question of impact vs. internal melt- (An,, , Or, ), but this may be due to sampling. Plag in
ing on E chondritic parent bodies. the AUB (An ., Or,,,) and Shallowater (An, Or,,)
RESULTS:Textures and ModesQ94 is an unbrecci- overlap in composition with, but is generally more
ated coarse-grained rock with an igneous texture. Hlbitic than that in Q94 [2,3]. Plag in llafegh 009
consists of 73.2 vol.% enstatite (En), with an averag¢An_,, Or) [4-6] is similar in composition to average
grain size of ~1.5mm, and 13.8 plagioclase (Plag), 2.Plag in Q94. The Si-Al-K-rich glass inclusions in Q94
silica, 10.5 FeNi (including <1.0 schreibersite and perare remarkably similar to K-rich inclusions in Ilafegh
ryite) and 2.5 sulfides (mostly Ti-Cr-bearing troilite 009 [4-6]. Most sulfides in Q94 are unlike those in the
and daubreelite, minor-trace oldhamite-CaS, ninAUB or any of the E chondrites anelt rocks. Troilite
ingerite/alabandite-MgMnS and Millerite-NiS). Mo- has 1.2 Ti, 0.8 Cr and Mn is close to detection limits at
dally, it is similar to the E chondrites [1]. Plag is 0.04. Daubreelite is similar to that in llafegh 009, with
mostly interstitial to, but also occurs as inclusionsl8.7 Fe, 35,5 Cr, 0.12 Ti and 1.9 Mn. The rare
within, the En. The FeNi is coarse-grained (1-2mmMgMnS present in Q94 is unlikihat in any other E
with irregular outlines and contains small perryitesmeteorite with 18.3 Fe, 12.4 Mg, 22.9 Mn, 0.4 Cr and
Schreibersite always occurs as small (~20um) grains 84.3 S and indicates a low equilibration temperature
the peripheries of the FeNi. Some FeNi grains contai(<600°C) [9]. Millerite with 1.7 Fe, 63.3 Ni and 35.6
spectacular clusters of graphite blades. The sulfideS has not been found in AUB or otherntelt rocks.
generally occur in spherical to semi-spherical po-Analyses of the altered oldhamite resulted in low totals
lymineralic assemblages both within and interstitial toindicating the possible presence of0H The metal is
the En. Sulfide assemblages which generally contaigi-bearing with an average composition of 91.6 Fe, 6.1
FeNi and sulfides are within En and are associateli, 0.36 Co and 2.6 Si. The high Si content of the
with a Si-Al-K-rich glass. Daubreelite is nearly alwaysmetal is unlike that in most AUB and is most similar to
in exsolution relationship to the troilite. All of the old- metal in EH chondrites (Fig. 1).
hamite in this sample has been terrestrially weatheredISCUSSION. The coarse-grained euhedral En with
to a secondary Ca-sulfate mineral. The altered oldPlag, sulfide and K-rich glass inclusions suggests an
hamite occurs in the sulfide assemblages within thgyneous origin for Q94. The modal and mineralogical
En, but also as veins throughout the meteorite. It is na&fimilarity of Q94 to EH chondrites suggests that it is
clear whether the occurrence of this mineral as veins isssentially unfractionated and formed by complete
the result of precipitation from solution during terres-melting of an EH-like source material. The En and
trial alteration or if oldhamite veins were present inPlag co-crystallized and the En trapped the earliest
Q94 prior to alteration. Considering the high meltingformed Plag, as well as K-rich melt. FeNi crystallized
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last, filling the interstices of the En and thus acquiringfable 1. Average (range) compositions (wt.%) of
irregular shapes. The coarse euhedral texture of the ENJE94204 silicates.

suggests that Q94 cooled slowly in the interior of a K-rich
parent body. The unfractionated E chondrite-like bulk En Plag Silica Glass
compositions of llafegh 009 and Happy Canyon ledSiO, 59.0 63.4 95.3 76.4
workers to the conclusion that they are impact melt (59-60.3) (60.5-68.0) (76.3-76.4)

rock; from an E chopdnte parent bod_y [4-6]. However,AI 0, 008 230 26 13.4
we find no compelling evidence to interpret Q94 as

impact-formed. It is highly unlikely that the coarse (0.04-0.1)  (18.3-25.0) (13.3-13.6)
texture of Q94 could have developed during rapid-eO 0.21 0.18 <0.03 0.15
cooling of an impact melt. More slowly cooled impact (0.06-0.5) (0.05-0.50) (0.10-0.18)
melts or melt poqls seem less likely. DenS|ty-dr|venMgo 39.7 <0.03 <0.03 <0.03
metal-silicate fractionation would be expected to occur

: X : X ; (38.6-41.1)

in any igneous scenario that involves complete melting

of the source material, including impact melting. InCaO 0.20 4.9 <0.03 <0.03
industrial iron and steel making, separation of a metal (0.16-0.26)  (1.0-7.1)

from silicate liquid take_s place in <Bec over dis- NaO <0.03 9.0 10 3.0
tances of ~10m [10]. This would create a problem for (7.8-11.0) (2.6-3.3)
interpretation of the metal-rich llafegh 009 and Happy ' ' T
Canyon as impact melts too. To deal with the problenk,0 NA 0.44 <0.03 7.3

of metal-silicate fractionation in Happy Canyon, Olsen (0.29-0.1.5) (7.2-7.3)
et al. [7] raised the possibility that melting at depthTotal 99.1 100.9 98.9 100.3

(>7km_), in an EH-like choqdrltlc parent body would Ti0,, Cr,0,, MnO <0.03; NA-not analyzed.
result in the congruent melting of En and the accelera-

tion due to gravity would be relatively low. We sug-
gest that this is a possible scenario for Q94. We con-
clude that Q94 is an internally-derived melt rock from
an EH-like parent body. The interpretation of llafegh
009 and Happy Canyon as impact melt rocks also
needs to be reconsidered.
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